Anaerobic wastewater treatment technologies are used throughout the world for effective treatment of a wide variety of industrial wastewater, in particular for the wastewater from the food industry. This type of wastewater is rich in easily biodegradable carbohydrates and has a relatively low content in suspended solids. As an example, the anaerobic bio-degradation of organic matter in wastewater ( cheese whey ) was studied on a laboratory -scale Upflow Anaerobic Sludge Blanket Reactor (UASB). This wastewater was found characterized by high COD concentration, from 5 8.000 to 72.000 mg/L. The digester efficiency during the treatment process of cheese wastewater at various organic loading rates (0.5 -1 6 kg COD/m 3 • day ) was studied and its performance was assessed by monitoring the p value ( 6.8 -7.3 ) and biogas production ( up to 24 L /day ). H The investigation has demonstrated that the process of anaerobic degradation was sufficiently effective for COD removal.
INTRODUCTION
The food industry is one of the major contributors of wastewater pollution. Estonia has 70 small enterprises of the food industry, some of them have very small flow rates ( some m 3 per day ). Today ( 1 999) some of enterprises are pumping their wastewater to the wastewater treatment plants of towns and others have local treatment plants. In many cases the local treatment plants are rather old and work inefficiently. The quality of wastewater varies according to the branch of industry and mill type, but all wastewater from food industries contains an organic matter which is easily biodegradable. Most of effluents are also rich in phosphorus and nitrogen, mostly originating from raw materials or products, but some also from washing. As seen from Table l , The temperature of wastewater is higher than that of municipal waters. Wastewater from the food industry contains proteins, fats, lactose, etc. Full utilization of all wastes on spot and their reuse at the manuf actures are naturally the best method for most food industry enterprises. But these technologies are rather complicated and expensive for use in small enterprises. A biological wastes treatment may be a good alternative in such cases. In Estonia, in the majority of cases aerobic processes are used for municipal and industrial wastewater treatment. However, the wastes of food industries are categorized as medium strength organic wastewater, requiring an intensive amount of energy for aeration. Besides, a large amount of waste sludge is generated from these aerobic processes. On the other hand, anaerobic treatment technologies are used throughout the world for the effective treatment of a wide variety of industrial wastewater. The main advantages of the anaerobic treatment are ( Malina, 1 992): low production of biological sludge, high treatment efficiency, low capital cost, no oxygen requirement, methane production ( potential source of fuel), low nutrient requirement, low operating cost. The comparison of an anaerobic and aerobic processes is shown in Figure I . Table 2 summarizes the main parameters of the anaerobic treatment processes in the wastewater of the food industry (Hanging,1996; Kalyuzhnyi,1991 Kalyuzhnyi, , 1997 Lettinga et. al. 1997; Seyfried, 1997) . UASB -Upflow Anaerobic Sludge Blanket H -Hybrid AF -Anaerobic Filter FB -Fixed Bed Processes The best step is the local wastewater treated with the UASB process. The UASB process is the most economical system and may be used for various types of wastewater from the food industry. Advantages of this type of reactor are: to provide a polishing effect to the effluent, start-up time of reactor is short, well-established anaerobic treatment systems, to prevent the washout of viable bacterial matter. This type of reactor is characterized by the highly flocculated, well settling, compact methano-genic sludge granular, resulting in a very high biomass content (Gavala, 1998) .
MATERIALS and METHODS
Milk processing is the largest sector of the food industry in Estonia, and therefore it was necessary to search an environmental friendly solution for its wastes. Anaerobic treatment of highly concentrated waste of the cheese industry was studied at the laboratory pilot-plant. The experi-mental pilot plant consisted of five-litre volume packed bed reactors, a sedimentation tank, a feed tank, and a gas collection tank (Figure 3 ). Temperature was maintained by an electric heating mat wrapped around the external wall of the reactor. The COD, N 101 , P1 01 , dry matter, alkalinity, volatile fatty acids of wastewater and effluent were measured twice a week. Flow rates, biogas production rate and effluent pH were measured daily. The effluent pH was kept at 6.8 -7.3, due to the chemical buffer in the wastewater. Figure 4 shows the change of main parameters during the experiments. Biogas production and composition were measured throughout the experiment. The gas produced was composed of 78% methane, 20% carbon dioxide and 2% nitrogen, which was comparable to the figures reported in literature. The gas production rate increased line-arly with an increased COD load. Figure 5 shows that maximum digester COD removal efficiency 98 % was achieved before the load 3.5 kg COD/ m 3 • day. When increasing the influent COD concentration to 32.948 g /L (load 7.44 kg COD/ m 3 · day), the COD removal efficiency was reduced to 70% with a mean COD effluent concentration 15.60 g/L. Figure 6 shows the relationship between the organic load, biogas production and HRT. • Organic load ;;.-. 7
• Gas production � "' The results of the experiment are summarized in Table 3 . The maximum COD removal was achieved with a relationship between fatty acid and alkalinity of 0.2, such as for a well-balanced system. When increasing this relationship from 0.6 to 1.0, the COD removal efficiency was reduced from 80 to 45 %. Anaerobic treatment with the UASB reactor was very effective for removing the biodegradable organic matter, but not for removing phosphate and ammonia. The effluent concentration of P and N was increased from 38.5 to 79 mg/L P, 01 and from 190 to 638 mg/L N, 01 during the experiments.
CONCLUSION
The investigation of the cheese industry wastewater treatment has demonstrated that the process of anaerobic degradation can be successfully for COD removal. The UASB reactor proved to be a very reliable unit throughout the year. No problems occurred with restarting the UASB reactor when there had been a standstill over a period of some weeks. The optimum parameters for treating cheese whey wastewater, such us organic load before 7.5 kg COD/m 3 -day HRT 10 days treatment efficiency 70-98% COD temperature 35-37 °C may be recommended. The treated cheese whey may be directed to the municipal treatment plant.
